We present continuum and molecular line (CO, C 18 O, HCO + ) observations carried out with the Atacama Large Millimeter/submillimeter Array toward the "water fountain" star IRAS 15103-5754, an object that could be the youngest PN known. We detect two continuum sources, separated by 0.39 ± 0.03 arcsec. The emission from the brighter source seems to arise mainly from ionized gas, thus confirming the PN nature of the object. The molecular line emission is dominated by a circumstellar torus with a diameter of ≃ 0.6 arcsec (2000 au) and expanding at ≃ 23 km s −1 . We see at least two gas outflows. The highest-velocity outflow (deprojected velocities up to 250 km s −1 ), traced by the CO lines, shows a biconical morphology, whose axis is misaligned ≃ 14
INTRODUCTION
Planetary nebulae (PNe) represent one of the last stages of evolution of stars with main-sequence masses ≃ 0.8 − 8 M ⊙ . The PN phase starts when the effective temperature of the central star reaches ≃ 25 000 K, and the circumstellar envelopes ejected during the asymptotic giant branch (AGB) are then photoionized. PNe display a huge variety of morphologies, in contrast with the spherical symmetry expected from stars in previous phases. Different processes can break this spherical symmetry. For instance, jets launched during the post-AGB phase (Sahai & Trauger 1998; Bujarrabal et al. 2001) can open cavities in the circumstellar envelopes. When the PN phase starts, the pho-⋆ On sabbatical leave at Joint ALMA Observatory, Chile † E-mail: jfg@iaa.es toionization front and low-density winds from the central star will proceed preferentially along those cavities. Alternatively, the presence of a binary companion will also alter the morphology of the circumstellar envelope, by capturing part of it and/or creating a common envelope when the material overfills the Roche lobes of the secondary (Ivanova et al. 2013) . The processes that take place at the beginning of photoionization, while the ionization front advances through the envelope, will determine the physical characteristics and the morphology in later evolutionary stages. This phase of growth of the ionized nebula only lasts for a < ∼ 100 years (Bobrowsky et al. 1998) , so it is difficult to catch a source at that exact instant. There is evidence that the object IRAS 15103−5754 is just starting the photoionization phase, making it the youngest PN known. Our Herschel and VLT observations prove that it is a PN (Gómez et al. 2015 ). However, it shows water maser emission over a velocity range of ≃ 75 km s −1 . Only four other PNe are known to harbour water masers (Miranda et al. 2001; de Gregorio-Monsalvo et al. 2004; Gómez et al. 2008; Uscanga et al. 2014) , and all these are supposed to be extremely young PNe, as this emission is expected to last for only ≃ 100 yr after the end of the AGB (Lewis 1989; Gómez, Moran, & Rodríguez 1990) . However, IRAS 15103−5754 has several key characteristics only observed in this source, all indicating that it is now at the very onset of photoionization (Gómez et al. 2015; Suárez et al. 2015 ).
• It is the only known "water fountain" (WF) that is already a PN. WFs (Imai 2007; Desmurs 2012 ) are evolved stars with high-velocity water masers (velocity spreads > 75 km s −1 ), tracing jets of short dynamical ages (< 100 yr). They might be one of the first manifestations of collimated mass loss in evolved objects. This type of high-velocity maser jet is also present in IRAS 15103−5754. However, all other known WFs are in the post-AGB or late-AGB phase. The small group of water-maser-emitting PNe do not show high velocities. This indicates that IRAS 15103−5754 is just leaving the post-AGB phase.
• The velocity of the water masers increases linearly at longer distances from the central star. This is a sign of an explosive or ballistic event. While this linear velocity trend is present in the ionized and molecular gas of post-AGB stars and PNe, they are not seen in the energetic maser emission of other WFs.
• It is the only known PN with non-thermal radio continuum emission. Although the physical conditions in PNe are appropriate for the existence of synchrotron radiation (Casassus et al. 2007 ), this emission is usually overwhelmed by free-free radiation from electrons in the photoionized regions. The existence of this type of non-thermal emission in IRAS 15103−5754 would mean that the photoionized region is still small, and does not veil synchrotron emission.
• The spectrum of non-thermal emission is changing rapidly. There has been a progressive flattening of the spectral index of radio continuum emission, mainly driven by a decrease of flux density at lower frequencies, over the past 25 years. In particular, the spectral index changed from ≃ −0.54 in 2010-2011 to −0.28 in 2012. We interpreted this change as due to the progressive growth of electron density in a nascent photoionized region.
Given the outstanding characteristics of IRAS 15103−5754, and the rapid evolution this source is undergoing in time-scales of a few years, its study represents a unique opportunity to witness the morphological and kinematical changes occurring at the birth of a PN, because the probability of finding any other source at this particular phase is extremely small. In this paper, we present ALMA observations of the (sub)mm continuum emission and spectral lines. Our aim is to study the morphology and kinematics of the circumstellar structure, in order to determine the physical processes taking place at the beginning of the PN phase. 
OBSERVATIONS AND DATA PROCESSING
Observations were carried out during cycle 3 of ALMA, at bands 6 (1.3 mm) and 7 (0.85 mm) in different sessions between 2016 March 14 and 2016 August 11. Depending on the session, the array comprised between 38 and 49 antennas. All observations were carried out in dual linear polarization, with a spectral set-up comprising four spectral windows. Multiple spectral lines were detected in the data. For the continuum, we combined the line-free channels of all spectral windows at each frequency band. In this paper, we are presenting data from a subset of the observed spectral lines (the brightest ones in our data), specified in Table 1 , using data from two spectral windows in each frequency band. The data from the rest of detected lines will be presented in a subsequent paper. Doppler tracking with a central velocity of −23 km s −1 with respect to the kinematical definition of Local Standard of Rest (LSRK) was applied. Sources J1427-4206 and J1524-5903 were used to calibrate the spectral bandpass and complex gains, respectively. The absolute flux density scale was determined with sources J1617-5848 and Titan. Mean precipitable water vapour in our observations were 1.1 and 0.7 mm at band 6 and 7, respectively.
All celestial coordinates quoted in the text and figures are in the International Celestial Reference System (ICRS). The phase centre of the observations was set as R.A.(ICRS) = 15 h 14 m 17.94 s , Dec(ICRS) = −58 • 05 ′ 21.9 ′′ , the position reported by Gómez et al. (2015) for the radio continuum emission in IRAS 15103-5754 from centimetre observations using the Australia Telescope Compact Array (ATCA). However, this position was determined with a relatively compact ATCA configuration (10 arcsec angular resolution), and the absolute astrometry seems to be in error by ≃ 4 arcsec. More recent ATCA observations carried out with higher angular resolution (Gómez et al. in preparation) provides an updated position for the emission at cm wavelengths that is within 0.5 arcsec of the position of the emission detected with ALMA (section 3.1), and of the infrared counterpart of the source (2MASS J15141845-5805203). The astrometric accuracy for our ALMA data is ≃ 50 mas.
Data were calibrated using the ALMA pipeline, and with versions 4.5.1 and 4.5.3 of the Common Astronomy Software Applications (CASA) package. Further processing and imaging were carried out with version 4.6.0 of CASA. For each frequency band, data from different sessions were combined into a single measurement set. Images were obtained with a Briggs' weighting and a robust parameter of 0.5 (as defined in task clean of casa), and deconvolved with the clean algorithm. Self-calibration was carried out on the continuum data in both phase and amplitude, and the corresponding gains were interpolated and applied to the line data. The continuum images were obtained with multifrequency synthesis. Continuum emission was subtracted from the visibilities before imaging the line emission. The line data were averaged on the fly during imaging, to obtain final data cubes with a velocity resolution of 1 km s −1 , except for the C 18 O line, which was observed with a coarser resolution of 1.34 km s −1 . Velocities are given with respect to the LSRK. The synthesized beams of all images is ≃ 0.2 − 0.3 arcsec, although their exact values are given in the corresponding figures. All images presented in this paper have been corrected by the primary beam response.
RESULTS

Continuum emission
The top two panels in Fig. 1 show the continuum emission at 0.85 and 1.3 mm. The total flux densities are 161.9 ± 1.1 and 71.3 ± 0.5 mJy, respectively. The higher-resolution image at 0.85 mm shows two distinct sources (which we name A and B, with A being the brighter source), separated by ≃ 0.39 ± 0.03 arcsec. Source A also dominates the emission at 1.3 mm, while B is evident as an extension to the NW. There is also some weak (but significant) extended emission engulfing these two central sources. Moreover, an extension to the east is seen in both images at a ≃ 4σ level. Images created by filtering the extended emission (using only projected baselines > 300 kilowavelengths, two bottom panels in Fig. 1 ) show sources A and B more clearly. This indicates that these two sources are compact, and that they probably represent two distinct stars. We tried to fit elliptical Gaussians to the central part of the image (including the two point sources and the extended emission around it), but we only obtained reliable fitting parameters at 0.85 mm, as shown in Table 2 ). The parameters of the sources at 1.3 mm in this table were obtained from the image with projected baselines > 300 kilowavelengths. The extended emission at 0.85 mm (from the map using all visibilities, Fig. 1 ) has a deconvolved size of 580 ± 90 × 420 ± 70 mas and a position angle (measured from north to east) of −40 • ± 20 • . Assuming a distance of 3.38 kpc (Vickers et al. 2015) , the linear size of the extended component would be ≃ 2000 × 1400 au. Note that throughout our paper we use this distance estimate obtained by Vickers et al. (2015) , as it is the only one available in the literature. This distance was obtained by fitting the spectral energy distribution of the source and assuming a certain value of total luminosity. Although it is probably a reasonable estimate, it is unlikely to be accurate to three significant figures.
For the whole emission, we estimated a spectral index α (defined as S ν ∝ ν α ) of 1.835 ± 0.021. This spectral index is close to, but significantly lower than two. In particular, we note that the spectral index of source A is 0.97 ± 0.04 (Table  2) . A spectral index α < 2 is not compatible with dust only, so at least part of the emission must arise from other physical processes. In Fig. 2 , we show a map of the spectral index, obtained from a ratio between the emission at 0.85 and 1.3 mm, after convolving both images to a common angular resolution of 0.33 arcsec. The white contour represents α = 2, so the dark area inside this contour cannot arise from dust alone. This area is associated with source A. The minimum spectral index we obtained in that area is α ≃ 0.6, which is the expected one for free-free emission from an ionized region with a radial dependence of electron density of n e ∝ r −2 (see, e.g., Olnon 1975; Panagia & Felli 1975) .
However, the outer regions in the images (including the location of source B) do have spectral indices compatible with dust (α > 2 in Fig. 2 ). The emission from source B has a spectral index of 4.1 ± 0.4, which indicates that it arises from optically thin dust emission with an emissivity index β = α − 2 ≃ 2 (whith κ ν ∝ ν β , where κ ν is the mass absorption coefficient per unit dust mass). This value of β is consistent with the value expected at mm wavelengths for dust particle sizes ≪ 1 mm (Draine & Lee 1984; Beckwith, Henning, & Nakagawa 2000) . Assuming κ ν = 0.294 cm 2 g −1 at 1 mm (Draine 2003) , and a dust temperature of 100 K, we estimate a dust mass M d = 2.5 × 10 −3 M ⊙ for source B. Taking this result at face value, and assuming a gas-to-dust ratio of 100, it would imply a total mass of 0.25 M ⊙ within a radius < ∼ 500 au (as the emission is unresolved with beam sizes ≃ 0.3 arcsec) for source B. If the continuum emission from source B were due to dust in an AGB envelope expanding at ≃ 15 km s −1 , the mass-loss rate would be ≃ 1.5 × 10 −3 M ⊙ yr −1 . This value would be too high, by at least one order of magnitude, for an AGB star (Blöcker 1995) . However, we note that our estimates of mass and mass-loss rate are very uncertain, as they depend on several parameters that are not well constrained (e.g., distance, dust temperature, gas-to-dust ratio, mass absorption coefficient). A possible alternative is that source B has accreted material from the envelope of source A, rather than having expelled its own envelope. Moreover, it is also possible that the continuum source B is not really tracing a star, but it is a dense clump in the circumstellar material around IRAS 15103-5754. However, if it were only a density accumulation, a local maximum should also be seen in the molecular line data, especially in the optically thin C 18 O line, but this is not the case (see next section). Thus, continuum source B should then be tracing denser and warmer material than the torus. If dust emission becomes optically thick at that position, the higher temperature at this location would make it appear as a compact continuum source, but not necessarily as a local maximum in the gas tracers. The most likely explanation for a local density and temperature enhancement is the existence of an internal energy source. Therefore, we suggest that this continuum source is actually tracing warm dust around a separate star.
In summary, it seems that a significant fraction of the observed emission in IRAS 15103-5754 arises from free-free processes in ionized gas. Higher-resolution observations covering a wider wavelength range would be necessary to disentangle the different components (dust and free-free radiation) of the emission.
Line emission: an expanding torus
The integrated intensity map of the C 18 O(2-1) line traces a nearly edge-on toroidal structure centred on source A (Fig.  3) . The toroidal structure also dominates the emission at the central velocities of CO and HCO + , at levels > 128σ (Fig. 3) , although additional weaker structures also appear. In par- (Table 2 ). Contour levels are −2 n σ (dashed contours) and 2 n σ (solid contours), starting at n = 1 and with increment step n = 1), where σ is the rms of each map (50 and 35 µJy/beam at 0.85 and 1.3 mm, respectively). Synthesized beams are 0.23 × 0.21 arcsec, p.a. = 62 • (0.85 mm) and 0.32 × 0.27 arcsec, p.a. = 28 • (1.3 mm). Bottom panels: Same as the top panels, but using only baselines > 300 kilolambda. Note that the images in the top and bottom panels have different spatial scales. ticular, the lower levels in the CO maps trace a butterflylike structure that might be related to the outflow motions described in the following sections. The major axis of the projected torus is at p.a. ≃ −36 • . This is close to the p.a. estimated for the extended continuum component (−40 • , Sec. 3.1). Position-velocity (PV) diagrams along the projected major and minor axes (Fig. 4 ) of the torus (p.a. = −36 • and −126 • , respectively) clearly show the kinematical pattern of an expanding torus in C 18 O and HCO + . We can rule out contracting motions, given the observed asymmetry in the optically thicker lines (HCO + and CO transitions). Optically thick lines trace the temperature at the surface of the torus.
In that case the brighter SW half is farther away from us, and we see the inner surface, closer to the star (and thus hotter). Because this brigther (farther away) half is redshifted, it necessarily indicates that the torus is expanding. In the case of the C 18 O line, which is expected to be optically thin, the asymmetries in the PV diagrams reflect variations of optical depths. Thus, the column density seems to be higher in the NE half of the torus. We note that the HCO + and CO PV diagrams along the minor axis also show contribution from high-velocity gas (sec. 3.3). This high-velocity gas is more prominent in CO images, and therefore, the kinematical pattern of the torus is not seen so clearly in them.
Because the C 18 O(2-1) line is optically thinner, it can provide a better estimate of the mass of the torus. The estimated mass of the structure is 0.4-1.0 M ⊙ assuming local thermodynamic equilibrium (LTE) with a temperature of 60-180 K (estimated from the HCO + lines, see below), an abundance of 12 C 16 O with respect to H 2 of 3 × 10 −4 (standard value of O-rich evolved stars, see, e.g., Teyssier et al. 2006 ) and a 16 O/ 18 O ratio of ≃ 330, corresponding to that of the interstellar medium at a galactocentric distance of ≃ 6.8 pc (Wilson 1999) .
To estimate other physical properties of the torus, we have used the HCO + images and PV diagrams, as they have a higher S/N ratio than the C 18 O images, and the torus emission is less contaminated from high-velocity, low-density gas than in the case of the CO transitions. Moreover, the HCO + data do not suffer from any problems with atmospheric calibration that plagues some of the channels in the CO data sets (horizontal stripes in Fig. 4) . In any case, the obtained geometric and kinematic parameters are consistent, within the errors, for all observed lines. We obtain a torus mean diameter of ≃ 0.6 arcsec (2000 au at 3.38 kpc), a deconvolved diameter of its transversal section of ≃ 0.43 arcsec (1400 au), and an angle of = 26 • between the symmetry axis of the torus and the plane of the sky. Regarding kinematics, we obtain a deprojected expansion velocity of 23 km s −1 and a central LSRK velocity of −33 km s −1 . With the diameter and expansion velocity, we estimate a dynamical age of 200 yr for the expanding torus. The motions in this torus are largely unbound, as the escape velocity at a distance of 1100 au from a central star of < ∼ 1 M ⊙ (as expected after the AGB phase, see e.g., Renedo et al. 2010 ) is only < ∼ 1.3 km s −1 . This provides further support for our suggestion that the torus is expanding, rather than contracting.
We have modelled the HCO + emission from an expanding torus, as described in Appendix A. In this model, we fixed the geometric parameters mentioned in the previous paragraph. The remaining free parameters are the abundance of HCO + with respect to H 2 , the turbulence velocity, and the radial dependence of temperature and density. Despite the simplicity of our model, the resulting positionvelocity diagrams (Fig. 5 ) reasonably resemble the observed ones (Fig. 4) , for a torus with a maximum (inner) temperature of 180 K, and a minimum (outer) temperature of 60 K. We note that the brightness temperatures of the CO lines in the torus are ≃ 30− 40% higher than those of the HCO + line. This could mean that the HCO + (4-3) transition is not fully thermalized in the torus, or that the CO emission is contaminated by hotter, less dense gas (below the critical density of HCO + ) outside the torus. Thus, we consider ≃ 30 − 40% as the typical uncertainty in our temperature determination. Because the HCO + line becomes optically thick very quickly, our results do not depend on the particular choice of density or abundance (for the latter we assumed ≃ 10 −7 , see also Sec. 3.3.2). It is interesting to note that we need to include a value of turbulence velocity of > ∼ 2 km s −1 to reproduce to observed intensity asymmetry in the HCO + emission (the SW half being brighter than the the NE half). Lower values of turbulence produce a symmetric brightness, even in the optically thick regime. This is a reasonable value for turbulence velocity in PNe (Guerrero, Villaver, & Manchado 1998; Sabbadin et al. 2008) .
Our model of HCO + emission is only intended as an illustration of the general geometric characteristics of the torus, as it is too simple for a close reproduction of the observations. Therefore we did not attempt any detailed fit to the data, other than a first-order approximation to the temperatures in the torus. A noticeable difference between the images and our model is that the intensity decrease is steeper in the data. This indicates that the temperature variation departs from the dependence assumed in our model. Observations with a higher angular resolution of both optically thick and thin transitions would provide more accurate information about the temperature and density gradients to aid the modelling.
Line emission: high-velocity outflows
High-velocity gas (with projected velocities up to ≃ 200 km s −1 with respect to the central velocity of the toroidal structure) are seen in both CO transitions, and in the HCO + emission. The position velocity diagrams along the minor axis of the projected torus of the HCO + and CO line emission (Fig. 4) clearly shows the presence of outflows with multiple lobes. It is to be expected that outflowing gas would show a bipolar pattern perpendicular to the torus, so redshifted gas would be to the NE, and blueshifted gas to the SW. This is opposite to the trend seen with the water maser jet (Gómez et al. 2015) , which shows a prominent blueshifted lobe to the NE. However, the PV diagrams show a complex pattern with both redshifted and blueshifted gas on each Top right: integrated intensity of HCO + (4-3) between −63 and −3 km s −1 . Contour levels are 2 n σ (starting at n = 1 and with increment step n = 1), where σ is the rms of the map (60 mJy km s −1 ). The synthesized beam is 0.26 × 0.24 arcsec, p.a. = 68 • . Bottom left: integrated intensity of CO(2-1) between −63 and −3 km s −1 . Contour levels are 2 n σ, starting with n = 1 and with increment step n = 1 (σ = 50 mJy km s −1 ). The synthesized beam is 0.28 × 0.22 arcsec, p.a. = 25 • . Bottom right: integrated intensity of CO(3-2) between −63 and −3 km s −1 . Contour levels are 2 n σ, starting with n = 1 and with increment step n = 1 (σ = 70 mJy km s −1 ). The synthesized beam is 0.25 × 0.23 arcsec, p.a. = 62 • . In all panels, crosses mark the positions of the two sources resolved at 0.85 mm ( Table 2) . side of the source. A bipolar outflow with a large opening angle and with an axis close to the plane of the sky can explain part of this structure of overlapping blueshifted and redshifted gas, so that the front side of each lobe would have a velocity sign opposite to that of the back side. However, a single outflow cannot completely explain the complexity of the high-velocity gas. Possible separate outflows are described below. Fig. 6 shows the map of high-velocity gas (> 30 km s −1 from the central velocity) traced by the two observed CO transitions. The high-velocity gas shows a butterfly structure, with both redshifted and blueshifted gas on each side of the star, which might represent a single outflow close to the plane of the sky, or a mixture of several outflows. The general axis of the outflow is not exactly perpendicular to the torus, but it has a position angle ≃ 36 • , so there is a deviation of ≃ 10 • with respect to the torus symmetry axis, which is small, but significant. The outflow structure is most clearly seen in the CO(3-2) transition.
A biconical outflow
Assuming LTE and optically thin emission in both CO transitions for the high-velocity gas, we obtain a total mass of 0.03 − 0.10 M ⊙ for the outflow, for a range of excitation temperatures 60 − 180 K. Considering that the brightness temperature of the high-velocity CO emission is ≤ 40 K, the Figure 4 . PV diagrams of C 18 O(2-1), HCO + (4-3), and CO(3-2) (top, middle, and bottom panels, respectively) along the projected major (left panels, p.a = −36 • ) and minor (right panels, p.a = −126 • ) axes of the toroidal structure, and averaging over a spatial width of 0.28 arcsec. In all cases, the offset increases in the same sense as right ascension (negative offsets are regions of lower right ascension). The geometrical locations of the positive and negative positional offsets of each diagram are also labelled for clarity in the top panels. Contour levels in the C 18 O(2-1) panels are 3, 6, 9, and 12σ. In the HCO + (4-3) and CO(3-2) panels, they are 2 n σ, starting with n = 1 and with increment step n = 1 . The 1σ rms values are 1.1, 2.5, and 1.6 mJy beam −1 for C 18 O(2-1), HCO + (4-3), and CO(3-2), respectively. The horizontal dark stripes in the CO emission correspond to channels in which the atmospheric effects could not be properly calibrated. optically thin assumption seems reasonable. If the actual excitation temperatures were lower, then the emission would be partially thick, and our calculations would underestimate the outflow mass. We could not obtain consistent values of excitation temperatures from the ratio CO(3-2)/CO(2-1) at different velocities, which probably means that these transitions depart from LTE.
A position velocity diagram along this main outflow axis, p.a. = 36 • (Fig. 7) , clearly shows a very-high-velocity outflow, extending up to at least ≃ 200 km s −1 from the central velocity, with the most extreme blueshifted and redshifted gas to the southwest and northeast, respectively. The velocity of the outflow increases linearly with the spatial offset. A similar linear trend is seen in an opposite outflow (blueshifted and redshifted size to the northeast and southwest, respectively), but with lower velocities. The total projected extent of the outflow is ≃ 6 arcsec (≃ 20000 au at 3.38 kpc). It is interesting to note that the main linear trends (blueshifted gas to the southwest and redshifted gas to the northeast) are symmetrical with respect to a V LSRK velocity ≃ −41 km s −1 , which does not exactly coincide with the central velocity of the torus (≃ −33 km s −1 ). Different PV diagrams, with a p.a. range 16 • − 56 • also show mean outflow velocities blueshifted (V LSRK − 40 to −46 km s −1 ) with respect to the central velocity of the torus. Although these estimates of velocity are uncertain, the central velocity of the torus in all observed transitions (including the optically thin C 18 O line) are systematically offset from that of the outflow along different position angles, suggesting that this velocity difference is real.
Maps of CO(3-2) integrated intensity (Fig. B1 in Appendix B) over different velocity ranges can shed some light on the underlying outflow structure. At high velocities, the emission seems to form arcs (blueshifted to the SW and redshifted to the NW, as expected from the toroidal orientation), which are farther away from the source at increasingly higher velocities. At lower velocities, there are also gas streams inside the opening of the arcs, but with opposite velocity sign. We can explain most of these trends with an outflow along the walls of two cones, with the velocity increasing linearly with distance to the central star.
We have modelled the outflow geometry and kinematics as arising from the walls of a biconical structure, in order to reproduce the position-velocity diagram in Fig. 7 . Our model is explained in Appendix C. This model is able to reproduce the PV diagram with an opening angle of the cone (2 × θ 0 ) of ≃ 56 • , and an inclination between the cone axis and the plane of the sky of ≃ 16 • -which is also offset by ≃ 10 • from the inclination angle of the torus axis (see Section 3.2), so the total 3-D misalignment is ≃ 14 • -with the axis of the SW cone closer to us. With this geometry, we estimate a maximum deprojected outflow velocity of ≃ 250 km s −1 . The velocity gradient along the conical surface is 73 km s −1 arcsec −1 , equivalent to ≃ 21.6 m s −1 au −1 at a distance of 3.38 kpc. This gradient indicates a dynamical age of ≃ 220 yr for the outflow. Two additional characteristics of the biconical outflow model are of particular interest. One is that the model confirms the systematic difference between the central velocities of the high-velocity outflow and the torus, as a velocity for the former of ≃ −41 km s −1 is required to reproduce the observed diagrams. The second is that the straight lines in the PV diagram (Fig. 7) do not point to a single (central) velocity at spatial offset zero. The blueshifted and redshifted branches in the diagram intersect at different velocities. An additional equatorial velocity component V • = 23 km s −1 , perpendicular to the outflow axis, is necessary on both outflow sides to explain this feature in the PV diagram. This equatorial velocity coincides with the expansion velocity of the torus, and these could have the same origin, as explained in Section 4. Figure 6 . Top: map of high-velocity traced by CO(3-2) (redshifted and blueshifted gas, moving > 30 km s −1 from the central velocity of −33 km s −1 ). Contour levels are 2 n σ, starting with n = 1 and increment step n = 1. The dashed line traces the direction of the outflow axis. Bottom: the same as the top panel, for CO(2-1) emission. The 1σ rms is 60 mJy beam −1 km s −1 in both maps. The colour image in both panels is the integrated emission map of C 18 O(2-1), tracing the torus.
A high-density outflow
The map of high-velocity HCO + emission (> 30 km s −1 with respect to the central velocity) in Fig. 8 also shows mixed redshifted and blueshifted gas on both sides of the source. However, the general structure of the outflow traced by this molecule is different from that of the CO transitions, with a more compact extension, and a different orientation (the HCO + outflow is nearly perpendicular to the central torus). The HCO + (4-3) has a very high critical density (1.8 × 10 6 cm −3 , Jansen 1995), which is several orders of magnitude higher than that of the CO transitions (2.7 × 10 3 and 8.4 × 10 3 cm −3 for the CO(2-1) and (3-2) transitions, respectively). This means that the HCO + transition specifi- cally traces higher-density gas and that a significant fraction of the CO outflow is below the critical density of HCO + .
In the maps of integrated intensity over different velocity ranges (Fig. B2 in Appendix B), we can identify some of the trends of the CO outflow. However, the high-velocity arcs are not so evident. The outflow is dominated at lower velocity (30-70 km s −1 ) by long filaments (blue to the NE and red to the SW), which are similar to the ones seen in the CO outflow at the same velocities. At higher velocities (> 80 km s −1 ), the outflow is oriented nearly perpendicular to the torus, and it seems to trace an outflow different from the biconical outflow described above. Assuming the axis of this high-density outflow coincides with the symmetry axis of the torus, we estimate a dynamical age > ∼ 200 yr, thus compatible with the estimated age of the torus and the biconical CO outflow.
Because this HCO + transition specifically traces dense gas, it would miss the lower-density areas of the outflow traced by CO. Thus, we would expect the mass of the outflow traced by HCO + to be lower than that of CO (0.03-0.10 M ⊙ , sec. 3.3.1). Our results are consistent with this expectation, although the mass estimates are not very accurate, due to the uncertainties in the molecular abundances and excitation temperatures. We obtain an estimate of 0.02-0.04 M ⊙ for the HCO + outflow, assuming excitation temperatures 60-180 K and a molecular abundance of HCO + with respect to H 2 of ≃ 10 −7 , which is the main value obtained by Schmidt & Ziurys (2016) in a sample of PNe. However, they obtained abundances with a large dispersion, with values up to ≃ 7.4 × 10 −7 . This higher molecular abundance would give an HCO + outflow mass ≃ 0.003 − 0.005 M ⊙ .
3.4
Comparison of molecular structures with the infrared nebula Fig. 9 shows the comparison between a mid-infrared image of the source (in the [Neii] filter centred at 12.2 µm, Lagadec et al. 2011 ) and the three different molecular structures presented above. Because there is no precise astrometrical information in the infrared image, we have aligned it with our mm/submm data assuming that the centre of the torus coincides with the waist at the centre of the infrared nebula. The expanding torus (top panel in Fig. 9 ) is perpendicular to the main axis of the brightest, inner part of the in- frared nebula. The high-density outflow traced by the HCO + emission is well correlated with the mid-infrared emission (bottom panel in Fig. 9) , with a similar extension and orientation. We note that the distribution of water masers observed in 2011 (Gómez et al. 2015 ) also had a similar alignment (p.a. = 56 • ), although it has significantly changed in the recent years (p.a. ≃ 180 • in 2015-2016, Gómez et al. 2018) . This can be interpreted as a possible change in the radio continuum background, which is being amplified in the maser process. Near-infrared images of IRAS 15103-5754 (Ramos-Larios et al. 2012) show an extended structure of 8.4 × 6.3 arcsec, with a p.a. ≃ 50 • . The orientation of this extended nebula is consistent with the torus axes and the HCO + outflow. The relationship of high-velocity CO outflow with the infrared nebula (middle panel in Fig.  9) is not that obvious, as it is misaligned with the midand near-infrared images, although the outflow extent is contained within the latter. Thus, the conical CO outflow represents a mass-loss episode that has not yet influenced the shape of the nebula at infrared wavelengths.
DISCUSSION
IRAS 15103-5754 is a very young PN that shows a complex system of mass-loss processes. Our ALMA observations, with high sensitivity and angular resolution can shed some light on the physical processes taking place in this object. Fig. 10 shows a schematic diagram of some of the main features we have observed.
The molecular content of the nebula is dominated by a torus of ≃ 0.7 − 1.8 M ⊙ and 1000 au radius, expanding at a velocity (V torus in Fig. 10 ) of ≃ 23 km s −1 . The fact that most of the mass around the PN is distributed in a torus, is the expected outcome of a binary system that went through a common envelope phase (Ivanova et al. 2013) , when the expanding envelope from the primary overfills the Roche lobe of both stars. In this situation, the envelope tends to be detached along the orbital plane (e.g., Sandquist et al. 1998; Morris & Podsiadlowski 2006; Nordhaus & Blackman 2006; Chen et al. 2017 ) and the binary system would lie at the centre of an expanding torus. We note that the two continuum sources we detected (Fig. 1) cannot constitute the binary system that was the origin of the toroidal mass loss, as source B is outside this torus, at a projected angular distance of ≃ 0.39 arcsec ( > ∼ 1300 au) from its centre. Thus, source A is near the location of the binary that created the torus. It is possible that this continuum source is actually an unresolved close binary, or the secondary was engulfed by the primary (creating a single star) or threaded by tidal forces (forming a circumstellar disc around the primary).
In this scenario, source B would be a third star. Thus, IRAS 15103-5754 is (now or at some point in the past) at least a triple system. Source B could either have originally been in a wide stable orbit of > ∼ 1300 au radius or be an escapee from a closer triple system, which was ejected during the common envelope evolution. The initial distribution of the triple system does have an impact on the subsequent evolution. For instance, Soker (2016) discusses different possible evolutionary scenarios depending on the characteristics of the triple system, leading to different properties in the resulting planetary nebulae.
We propose that a possible scenario fitting our observations of IRAS 15103-5754 is that of a triple system in which one of the components is ejected. Under this scenario, there is initially a tight binary system orbiting the star that evolves into the AGB. When the envelope reaches the tight binary, it breaks up, and the lower-mass component is ejected. IRAS 15103-5754 meets several expectations from such a scenario, as presented by Soker (2016) . In particular, we note the two slightly different symmetry axes. One axis is defined by the torus (Fig. 3) , the inner part of the infrared nebula (Lagadec et al. 2011, and Fig. 9) , and the high-density HCO + outflow (Fig. 8) . The other axis is the biconical CO outflow (Figs. 6 and B1) . Moreover, there is a velocity shift between the central velocity of the torus and that of the CO outflow. This points to an initial mass loss from a central triple system and a second mass loss after one of the components is ejected. This explains the different axes and central velocities, since the main orbit and the barycentre of the central stellar system will change after ejection of a star. The final result will be a nebula that departs from point symmetry, as seen in the outer parts of the infrared nebula.
An interesting question is the physical process that is the origin of each outflow episode. As mentioned above, the expanding torus seems to be a natural outcome of a common envelope phase, which could originate when the envelope of the AGB star engulfed a tight binary system orbiting around it. The expanding torus represents an equatorial density enhancement, and any subsequent mass loss will proceed more easily in the direction along the poles of the torus. Thus, an isotopic wind from the central star(s) would show up as low-collimation bipolar flow oriented along this direction. The biconical CO outflow shows a low degree of collimation, but it is not oriented exactly along the poles of the torus. So, a process with a certain degree of collimation must be at work. It is possible that, after ejection of the tertiary, the secondary creates a magnetic dynamo that produces an explosive, low-collimation outflow (Nordhaus & Blackman 2006) , perpendicular to the orbital axis of the remaining binary. This wind could rip off material from the torus, giving rise to a biconical outflow with an equatorial velocity component, as determined in our PV diagrams.
Considering that this source is a WF, but one that seems to be entering the PN phase, it is interesting to compare our results with those for other WFs and young PNe. The expansion velocity of the torus (≃ 23 km s −1 ) is similar to the ones derived for other WFs (Rizzo et al. 2013) , while its relatively high mass (≃ 1 M ⊙ ) is consistent with the mass needed to explain the spectral energy distribution of this type of source (Duran-Rojas et al. 2014) . However, the torus masses in water-maser-emitting PNe are significantly lower (< 0.15 M ⊙ , Sánchez Contreras & Sahai 2012, Uscanga et al. in preparation) . ALMA observations of the post-AGB WF IRAS 16342-3814 (Sahai et al. 2017) show a central torus whose diameter and expansion velocity (1300 au and 20 km s −1 ) are very similar to the ones found for IRAS 15103-5754. The outflow, however, has a more collimated, jet-like morphology in IRAS 16342-3814. This outflow could be similar to the HCO + outflow we see in IRAS 15103-5754. Although there is an extreme high-velocity outflow (≃ 310 km s −1 ) in IRAS 16342-3814 with an orientation different from the main outflow, there is no indication of a low-collimation outflow as we detected with CO in IRAS 15103-5754.
This low-collimation outflow in IRAS 15103-5754 has the kinematical signature of a biconical outflow with linearly increasing velocities away from the central star. Conical structures and outflows can be seen in PNe (e.g., Kwok et al. 2008; Sahai et al. 1999 ) and post-AGB stars (Huggins et al. 2004; Imai et al. 2005; Koning, Kwok, & Steffen 2011; Bujarrabal et al. 2013) . However, the velocities of the molecular gas do not usually reach values as high as in IRAS 15103-5754 (≃ 250 km s −1 ), although the underlying winds can reach values of thousands of km s −1 (Borkowski & Harrington 2001; Sánchez Contreras & Sahai 2001) . Actually, values that high in the molecular gas around post-AGB stars have only been observed in rare cases (e.g., Alcolea, Bujarrabal, & Sanchez Contreras 1996; Sahai et al. 2017 ). Here we are proposing that the conical outflow in IRAS 15103-5754 consists of molecular gas from the torus, stripped out by a wind, which can have much higher velocities. The velocity of the molecular gas in IRAS 15103-5754 is also higher than other cases of possible gas outflows from tori, as in the PN NGC 6302 (Santander-García et al. 2017) or the post-AGB star IRAS 08544-4431 (Bujarrabal et al. 2018) . This indicates that the momentum transfer from the wind to the disc material must be extremely efficient in IRAS 15103-5754 or that we are witnessing an especially energetic outburst.
CONCLUSIONS
We presented continuum and molecular-line observations of the young PN IRAS 15103-5754 carried out with ALMA at 0.85 and 1.3 mm. Our main conclusions are as follows.
• We detect two continuum sources, separated by ≃ 0.39± 0.03 arcsec. A significant fraction of the emission has a spectral index < 2, with a minimum of 0.6. This is not compatible with dust only, and suggests a significant contribution from free-free emission from ionized gas.
• The line emission is dominated by a central torus of 0.6 arcsec (2000 au at 3.38 kpc) diameter and a mass 0.4-1 M ⊙ , expanding at ≃ 23 km s −1 .
• There are at least two high-velocity outflows. The first one, mainly traced by CO, has the kinematical signature of a biconical outflow, with an opening angle of 56 • , and linearly increasing velocities with distance from the central star, reaching deprojected velocities up to 250 km s −1 and a total extent of 6 arcsec (20000 au). The axis of the outflow is misaligned by ≃ 14 • with respect to the axis of the torus. Moreover, the central velocity of the outflow is shifted by ≃ 8 km s −1 from the central velocity of the torus.
• A second, high-density outflow traced by HCO + is nearly perpendicular to the torus, and aligns well with the infrared nebula.
• We propose that the characteristics of IRAS 15103-5754 could be due to a central triple stellar system, which went through a common envelope phase, leading to the formation of the circumstellar torus. One of the components was ejected in this process, changing the central velocity and orbital plane. A subsequent low-collimation wind stripped the gas from the torus, generating the conical outflow.
• The extremely high velocity of the conical outflow indicates that the momentum transfer between the wind and the molecular gas was extremely efficient, or that the mass loss was very energetic. 
APPENDIX C: KINEMATIC MODEL OF CO EMISSION FROM A BICONICAL FLOW
We present our model for the component of the outflow showing some clear conical features. The model is based on the PV diagram of CO along the main axis of the CO outflow (see Fig. 4 ), which shows an X-like shape, and the integrated CO emission at different velocity ranges (see Fig. B1 ), displaying an hyperbolic shape of the isovelocity regions projected on to the plane of the sky. These two figures suggest a configuration presented in Fig. C1 . The initial outflow model is biconical, consisting of two cones with a common apex at the origin O of the system of Cartesian coordinates. We discuss the differences with the case of truncated cones, joining at the minor circular surface of their frustum, at the end of this appendix. For the sake of simplicity, we use a coordinate system (X, Y) on the plane of the sky that is rotated with respect to the equatorial system. The Y axis is parallel with the projection of the cone axes on the plane of the sky. Any rotation in the image plane to account for the actual position angle of the cone will not affect our calculations.
From the biconical configuration shown in Fig. C1 we can derive the expected PV diagram by projecting the velocity on to the line of sight (i.e., computing ì V.n, where ì V is the velocity at the surface of the cones). The PV diagram is derived along the axis of symmetry of the double cone, Oz (corresponding to X = 0 in the image plane), and the position offset of the PV diagram is the coordinate along the Y axis. The conical outflow model assumes an explosive event with particles having ballistic trajectories. For a particle ejected well above the escape velocity, its velocity reaches a constant value. Consequently, ì V is pointing outward from the apex O and increases linearly with the distance from O, the fastest particles being farther away from the origin.
If ì r is the position vector of a point at the surface of the double cone, ì V is given by
where dv dr is the velocity gradient assumed to be constant. dv dr is also the inverse of the dynamical time-scale t dyn , elapsed since the explosive event.
In Fig.C1 we define four "branches" identified as circled numbers. Note that in the resulting PV diagram (the dashed lines in Fig. 7) , the branches 1 and 2 on one hand, and 3 and 4 on the other hand, form two straight lines with different slopes ( ì V .n): 
where branches 1 and 4 correspond to Y ≥ 0, and branches 2 and 3 correspond to Y ≤ 0. These two straight lines, intersecting at the origin would lead to an X shaped PV diagram. This simple model needs to be modified in order to account for some supplementary features of the diagram. First, note that the observed diagram (Fig. 7) does not show two intersecting straight lines, but branches 2 and 4 are shifted upward, while branches 1 and 3 are shifted downward by a similar amount. Moreover, the intersection of branches is li n e o f s ig h t Figure C1 . Description of the geometry of the conical outflow.
A ⊗ symbol represents a vector pointing into the page. The coordinates in the image plane are X and Y .n is the direction vector along the line of sight.v is the direction vector along the cone surface.
not directly observed in the data, due to the presence of the torus. However, if we extrapolate the branches toward the centre, branch pair 2 and 4 on one hand and the pair 3 and 1 on the other hand intersect near spatial offset zero, as illustrated in the dashed lines of Fig. 7 . In order to reproduce these features in the position-velocity diagram, we studied more complex models by spatially moving the cone vertices along the axis of symmetry by a positive or negative shift, i.e., forming separated or truncated cones, respectively. None of these spatial changes led to a PV diagram in agreement with the data. However, we can account for all features of the observed PV diagram by adding a constant axisymmetrical velocity V 0 in the equatorial direction (i.e., perpendicular to the cone axis) to all points on the cone surface, leading to the following modified position-velocity relation. 
where sgn denotes the sign function. This assumption is supported by the fact that the velocity field that must be added to the linearly varying velocity at the surface of the cone must have the following properties.
• The resulting shift in the PV diagram must be independent of the offset.
• Branches 1 and 3 are shifted downward toward negative velocities in the PV diagram by the same amount. Branches 2 and 4 are shifted together in the same manner but in the opposite direction (upward).
The PV diagram described by Eq. (C3) is shown as solid black lines in the bottom panel of Fig. 7 and is in good The presence of a velocity V 0 implies that the present geometry of the conical outflow cannot exactly be that shown in Fig. C1 , with full conical surfaces, but it must consist of two truncated cones, as illustrated in Fig. 10 . We have thus considered this more general case of truncated cones joining, on the x y plane, at the minor circular surface of their frustum, with L being the radius of this surface (Fig.C2) . In this case, the velocity gradient in the PV diagram does not change, as the projected velocities are the same as in the case with two cones joining at the vertex. There is, however, a small shift in the spatial offsets, since the surface points at the bases of the truncated cones are at offset Y 0. The result is that branches 1 and 3 in the PV diagram (Fig.  7) will be shifted toward the right, and branches 2 and 4 toward the left, by an amount Y 0 = |L cos θ|. In quantitative terms, assuming L = 0.3 arcsec (the mean radius of the torus), this shift would be ≃ 0.08 arcsec, which is a factor of
